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	3. ENERGY BANDS IN  SOLIDS
 According to Quantum Mechanical Laws, the energies of
electrons in a free atom can not have arbitrary values but only
some definite (quantized) values.
 However, if an atom belongs to a crystal, then the energy levels
are modified. This modification is not appreciable in the case of
energy levels of electrons in the inner shells (completelyfilled).
 But in the outermost shells, modification is appreciable
because the electrons are shared by many neighbouring atoms.
 Due to influence of high electric field between the core of the
atoms and the shared electrons, energy levels are split-up or
spread out forming energy bands.
 


	4. METALS
Conduction Band
• •  • • • •
Valence Band
• • • • • •
Partially filled
Conduction Band
The first possible energy band diagram
shows that the conduction band is only
partially filled with electrons.
With a little extra energy the electrons
can easily reach the empty energy
levels above the filled ones and the
conduction is possible.
The highest energy level in the conduction band occupied by
electronsinacrystal, atabsolute0 temperature, iscalled Fermi Level.
energy level is called Fermi
to go beyond this level, then
 The energy corresponding to this
energy.
If the electrons get enough energy
conduction takes place.
 


	5. Valence Band
Forbidden Energy  Gap ≈1 eV
SEMICONDUCTORS
Eg(Si) = 1.1 eV Eg(Ge)= 0.74 eV
Conduction Band
At absolute zero temperature, no
electron has energy to jump from
valence band to conduction band and
hencethecrystal isan insulator.
The fraction is p α e
-
Eg
kB T
Since E is small, therefore, the fraction
g
is sizeable for semiconductors.
As an electron leaves the valence band, it leaves some energy level in band
asunfilled.
 Such unfilled regionsare termed as ‘holes’ in thevalence band. They are
mathematically takenas positivechargecarriers.
• • • • • •
 


	6. Conduction Band
Forbidden Energy  Gap
Valence Band
• • • • • •
≈6 eV
INSULATORS
Electrons, however heated, can not practically
jump to conduction band from valence band
due to a large energy gap.
Therefore, Conduction
insulators.
Eg(Diamond)
is not possible in
= 7 eV
Electrons and Holes:-
 On receiving an additional energy, one of the electrons from a covalent
band breaks and is free to move in the crystal lattice.
While coming out of the covalent bond, it leaves behind a vacancy is
known as ‘hole’.
An electron from the neighbouring atom can break away and can come to
the place of the missing electron (or hole) completing the covalent bond and
creating a hole at another place.
 


	7. Distinction bet'n Intrinsic  and Extrinsic Semiconductor
S. No. Intrinsic SC Extrinsic SC
1 Pure Group IV elements. Group III or Group V elements
are introduced in Group IV
elements.
2 Conductivity is only slight. Conductivity is greatly
increased.
3 Conductivity increases with rise
in temperature.
Conductivity depends on the
amount of impurity added.
4 The number of holes is always
equal to the number of free
electrons.
In N-type, the no. of electrons is
greater than that of the holes &
In P-type, the no. holes is
greater than that of the
electrons.
 


	8. DISTINCTION BETWEEN SEMICONDUCTOR  & METAL
S. No. Semiconductor Metal
1 Semiconductor behaves like an Conductivity decreases with
insulator at 0 K. Its conductivity rise in temperature.
increases with rise in
temperature.
2 Conductivity increases with rise
in potential difference applied.
Conductivity is an intrinsic
property of a metal and is
independent of applied potential
difference.
3 Does not obey Ohm’s law or
only partially obeys.
Obeys Ohm’s law.
4 Doping the semiconductors with Making alloy with another metal
impurities vastly increases the
conductivity.
decreases the conductivity.
 


	9. PN JUNCTIONDIODE
Mobile Hole  (Majority Carrier)
- Immobile Negative Impurity Ion
Mobile Electron (Majority Carrier)
+ Immobile Positive Impurity Ion
P N
- - - - - + + + + +
- - - - - + + + + +
- - - - - + + + + +
When a P-type semiconductor is joined to a N-type semiconductor such that the
crystal structure remains continuous at the boundary, the resulting arrangement
is called a PN junction diode or a semiconductor diode or a crystal diode.
When a PN junction is formed, the
P region has mobile holes (+) and
immobile negatively charged ions.
 N region has mobile electrons (-) and
immobile positively charged ions.
 


	10. Forward Bias
Ie
Ih P  N
+ E
E
- - - - - + + + + +
- - - - -
- - - - -
+ + + +
+ + + + +
Depletion region
E
When the positive terminal of the battery is connected to P-region and negative
terminal is connected to N-region, then the PN junction diode is said to be forward-
biased.
i) Holes in P-region are repelled by +ve terminal of the battery and the free
electrons are repelled by –ve terminal of the battery.
ii) The potential barrier and the width of the depletion region decrease.
iii) Therefore, a large number of majority carriers diffuse across the junction.
iv) Hole current and electronic current are in the same direction and add up.
 


	11. Reverse Bias
Ie
Ih P  N
- - - - - + + + + +
- - - - - + EE
- - - - -
+ + + +
+ + + + +
Depletion region
E
When the negative terminal of the battery is connected to P-region and positive
terminal is connected to N-region, then the PN junction diode is said to be reverse-
biased.
i) Holes in P-region are attracted by -ve terminal of the battery and the free electrons
are attracted by +ve terminal of the battery.
ii) Thus, the majority carriers are pulled away from the junction.
iii) The potential barrier and the width of the depletion region increase.
iv) Therefore, it becomes more difficult for majority carriers diffuse across the
junction.
 


	12. Vf (Volt)
If (mA)
Ir  (μA)
Vr (Volt) Vk
VB
+
mA
+
V
DIODE CHARACTERISTICS
1) Forward Bias:- D
μA
+
V
+
2) Reverse Bias:-
D
Resistance of a Diode:-
Rd.c = V / I
i) Static or DC Resistance
ii) Dynamic orAC Resistance
Ra.c = ΔV / ΔI
Vk – Knee Voltage
VB – Breakdown Voltage
0
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